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Abstract 
Thirteen CCS projects involving the capture and/or storage of carbon dioxide in Australia are currently proposed or underway. 
The projects range in maturity from Australia’s first storage project (the CO2CRC Otway Project) and the CSIRO Loy Yang 
PCC Pilot Project which are already underway, to projects which are unlikely to be fully operational until 2015 or later. They 
range in scale from relatively modest pilot scale capture projects (Munmorah, Hazelwood, CO2CRC H3, Mulgrave, Loy Yang), 
to commercially significant rates of CO2 storage of 10-50,000 tonnes CO2 per annum (Callide Oxyfuel, Otway) to proposals for 
medium scale injection of up to 500,000 tonnes CO2 per annum (ZeroGen, Coolimba), 3–4 million tonnes per annum for the 
Gorgon LNG Project and up to 10 million tonnes of CO2 per annum for the Monash (coal to liquids) Project. 
 
It is encouraging to see this high level of interest in CCS in Australia. At the same time it has to be recognised that most of these 
projects have not advanced beyond the feasibility scale at this time and not all of them will prove to be commercially or 
environmentally viable. Additionally, several of the existing CCS projects have been at the feasibility stage for several years and 
the slow rate of progress is a concern given the importance of CCS deployment to Australia. Australia is seen as one of the 
leaders in the demonstration and deployment of CCS, with billions of dollars committed to CCS by industry and governments 
over the next 5-10 years. Nonetheless, it is important to examine ways of further accelerating the large-scale deployment of CCS 
by resolving outstanding issues including financial, liability and other questions which may be impeding progress. 
 
© 2008 Elsevier Ltd. All rights reserved 
 
Australia, Otway 
1. Background 
In the two years since GHGT-8 in 2006, Australia, like many countries, has undergone profound changes in its 
approach to greenhouse issues and its recognition of the complexity of addressing the problem. This paper 
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summarises some of those developments, reviews the status of CCS deployment in Australia and offers some views 
on the future course of deployment in Australia. 
 
In late 2007, following the election of a new Government, Australia signed the Kyoto Protocol, initiated a 
number of reviews and took some steps to decrease emissions in the short to medium term. One of the first steps was 
to commit to a national Mandatory Renewable Energy Target (MRET) of 20% renewables (for energy) by 2020. At 
the same time, the Government committed to the introduction of emissions trading by 2010 although the precise 
nature of the trading scheme was, and still is, a matter of discussion. 
 
The related reviews of greenhouse policy included the Garnaut Review (Garnaut [1]), a Government Green Paper 
on emissions trading (known as the Carbon Pollution Reduction Scheme – CPRS) and most recently (October 2008) 
Treasury modelling of an emissions trading scheme (Australian Government [2]). Vigorous debate continues on 
these various initiatives but in every instance there is recognition that carbon dioxide capture and geological storage 
(CCS) will play a vital role in Australia’s mitigation portfolio. A key driver for this is that whilst Australia emits 
only 1.5% of global emissions, it is one of the world’s largest per capita emitters as a result of its high dependency 
on coal-fired electricity generation and its energy intensive industries. Clearly this dependency on fossil fuels is a 
challenge if Australia is to meet the Government’s target of decreasing emissions by 60% by 2050 (compared to 
2000 emissions). Australia also has a particular interest in CCS because it is the world’s largest coal exporter and a 
major exporter of LNG. These exports, and therefore the Australian economy, will be impacted by action to limit 
carbon emissions. Australia therefore sees it as being appropriate to take a significant role in the demonstration and 
deployment of CCS, both to enable it to meet obligations to decrease its own emissions and to protect its energy and 
energy intensive exports. With this in mind, a number of initiatives have been taken in Australia in recent years to 
accelerate deployment and it is appropriate to briefly review these. 
 
Australia was one of the first countries to initiate a continent-wide program to determine the potential use of 
geological storage for mitigation of emissions. This was done through the Cooperative Research Centre (initially 
APCRC, now CO2CRC) which initiated the GEODISC project in 1998 (Cook et al. [3]; Rigg et al. [4]). This work 
showed that Australia does indeed have a major storage resource – of the order of 800 gigatonnes (Bradshaw et al. 
[5]) of what could be termed “theoretical storage capacity”. 
 
The recognition that CCS represented a significant opportunity for Australia led, in 2003, to the funding of the 
Cooperative Research Centre for Greenhouse Gas Technologies (CO2CRC), the setting up of Centre for Low 
Emission Technologies (cLET), and the start of the CSIRO Energy Transformed Flagship, followed in 2004 by the 
start of the COAL 21 program.  
 
The initiation in 2003-2004 of a more vigorous CCS research program was obviously important, but it was also 
recognised through national technology roadmapping exercises (CO2CRC [6], COAL 21 [7]) that demonstration 
and deployment of CCS within a reasonable period of time – at that stage seen as within ten years or sooner – was a 
critical part of the way forward. 
 
This aspiration was supported by an announcement in 2005 by the Federal Government of a Low Emission 
Technology Demonstration Fund (LETDF) of A$500 million with an expectation of matching funds of at least two 
dollars for every LETDF dollar. This resulted in a number of CCS demonstration projects being approved for 
funding in 2006. The coal industry also announced a levy on every tonne of coal produced, which provided a fund of 
A$100 million a year for ten years for demonstration of “clean coal” technologies. 
 
In late 2007 the new Federal Government announced a further A$500 million for a National Clean Coal Fund. 
Most recently, the Australian Government has proposed (September 2008) a Global CCS Institute and has indicated 
a willingness to provide up to A$100 million per annum towards its cost. 
 
Given all these initiatives over recent years what then has been achieved? In order to address this question it is 
important to consider the current status of CCS projects in Australia. 
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2. CCS activity – current status 
At the present time, there are 13 capture and/or storage projects in Australia (Figure 1) ranging from projects that 
are underway or under construction, to projects that are proposed but which are as yet unfunded and/or still at the 
early feasibility stage. The projects include several pre-combustion capture projects (most of them not including 
storage), two oxyfuel projects with storage planned, and several projects involving gasification and some storage. In 
addition there are several projects storing CO2 from natural gas. There is little information in peer-reviewed 
literature regarding these projects, however projects and their current status are summarised below and shown in 
Figure 1. 
2.1. Callide Oxyfuel Project, Queensland 
This demonstration project involves conversion of an existing 30MW unit at Callide A (currently underway) with 
power generation and capture of CO2 commencing in 2010 (Spero [8]). The second stage of the project will involve 
the injection and storage of a total in the order of 30,000 tonnes of captured CO2 in saline aquifers or depleted 
oil/gas fields over about three years, planned to commence in 2011. It is anticipated that the CO2 will be transported 
to the storage site by road.  This project, which is expected to cost A$206 million, is a collaboration between 
partners CS Energy, IHI, Schlumberger, Mitsui, J-Power, and Xstrata, with extra funding from the ACA and the 
Australian and Queensland Governments.  
 
 
Figure 1: CCS projects in Australia (CO2CRC) 
2.2. CO2CRC Otway Project, Victoria 
This is Australia’s most advanced storage demonstration project. Injection of CO2 from a nearby gas well, into a 
depleted gas field at a depth of 2km, began in April 2008. Injection is taking place at a rate of about 150 tpd, with an 
injection target of up to 100,000 tonnes of CO2 over two years. A major program of monitoring and verification has 
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been implemented. The A$40 million Project, which is supported by 15 companies and 7 government agencies, 
involves researchers from Australia, New Zealand, Canada, Korea and the USA. CO2CRC Pilot Project Ltd, the 
operating company, includes AngloCoal, BHP Billiton, BP, Chevron, Schlumberger, Shell, RioTinto Solid Energy, 
Woodside and Xstrata. Additional financial support is provided by the Australian Government, the Victorian 
Government and the US Department of Energy. 
 
A second stage Otway Project is proposed, involving injection into a saline aquifer at a depth of approximately 
1300m initially, with a huff n’ puff operation involving about 10,000 tonnes of CO2. A larger scale injection may 
then be carried out. 
2.3. Coolimba Power Project, Western Australia 
A feasibility study is underway by Aviva Corporation Ltd into the possible construction of 2 x200MW coal-fired 
base-load power stations to begin in the second half of 2009 and be completed by 2012. It is proposed that the plant 
will be built ready for conversion to CO2 capture. Sequestration sites are being sought (with the involvement of 
CO2CRC and ARC Energy) for the storage of about 3Mtpa of CO2 for up to 30 years (Coolimba Power [9]). 
2.4. FuturGas Project, South Australia 
Hybrid Energy Australia is currently investigating the development of the carbon dioxide storage component of 
the proposed FuturGas Project – an energy conversion development proposal involving the gasification of lignite to 
syngas for the production of synfuels. It is proposed that the CO2 captured post-gasification will be stored in the 
Otway Basin to the south of the lignite resources. A feasibility study and an environmental impact study will be 
completed by 2011. The project proponents hope that the project will become operational by 2016 (Hybrid Energy 
[10]). 
2.5. Gorgon Project, Western Australia 
Chevron (operator), Shell and Exxon are planning a major sequestration project linked to the Gorgon LNG 
Project. The separated CO2 will be injected under Barrow Island to a depth of about 2.3km, into the Dupuy 
Formation, a saline aquifer, with injection of 3.3 million tonnes of CO2 per year (Chevron [11]). A total of 125 
million tonnes will be injected over the life of the project. The construction phase is planned to commence in late 
2009 and take about five years. A data well has been drilled and a major study of the subsurface is underway. 
Analysts have suggested that the total cost of the project would be of the order of $15-20 billion with the storage 
component being of the order of $1 billion. However at this time the Company has not confirmed these costs.  
2.6. Loy Yang CSIRO Project, Victoria 
The Loy Yang CSIRO project involves retrofitting a pilot-scale mobile PCC facility, capturing up to 1000 tpa 
CO2 using an amine-based solvent. The project became operational in August 2008 and is Australia’s first PCC 
Project (CSIRO [12]). 
2.7. CO2CRC H3 Capture Project and Hazelwood Capture Project, Victoria 
In the Hazelwood Capture Project, work is nearing completion on a facility at International Power’s Hazelwood 
power station  that will  capture  and  chemically sequester CO2 at a rate of 10,000 – 20,000 tpa of  CO2 using 
solvent technology (Innocenzi, [13]), commencing late 2008. The CO2CRC H3 Capture Project overlaps with the 
Hazelwood Capture Project and CO2CRC researchers will use the Hazelwood solvent plant to test a range of 
solvent and process changes. In other CO2CRC H3 Capture Project activities, CO2CRC has two newly-built rigs 
which it will use to test adsorbent and membrane post-combustion techniques at Hazelwood. 
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2.8. Mulgrave Pre-combustion Capture Project, Victoria 
CO2 emissions will be captured from HRL’s research gasifier at Mulgrave in a pilot-scale capture project 
developed by CO2CRC. The capture technologies will be evaluated to identify which are the most cost effective for 
use in a coal gasification power plant. Partners include CO2CRC and HRL with funding from the Victorian 
Government. 
2.9. Monash CTL Project, Victoria 
This proposed multibillion dollar project is designed to exploit the source-sink match involving the brown coal 
resource of the Latrobe Valley and the CO2 storage potential of the off-shore Gippsland Basin. The proposal 
involves gasification of brown coal to produce syngas, with a shift reaction and extraction of excess CO2 before the 
syngas is converted into a range of liquid products. The CO2 would be compressed for transport via pipeline to a 
suitable storage site. A full scale plant (70,000 barrels per day) is projected to take ten years from conception to full 
production and would require injection and storage of approximately 15 million tpa of CO2. Monash Energy is a 
joint development of Anglo American and Shell Gas and Power. The total cost of the project is likely to be several 
billion dollars (Monash Energy [14]). 
2.10. Moomba Carbon Storage Project, South Australia 
This project is currently at the feasibility stage, with the objective of establishing a regional carbon storage hub in 
the Cooper Basin. The proposed demonstration phase, potentially commencing in 2010, will involve the capture of 
CO2 from existing gas processing facilities and injection of one million tonnes of CO2 to re-pressurise oil reservoirs 
for enhanced oil recovery (Santos [15]). Partners in this project include Santos and Origin. In the future it is 
proposed to use the Cooper Basin for storage of more distant sources of CO2. 
2.11. Munmorah PCC Project, New South Wales 
This research scale retrofit pilot project will investigate the post combustion capture (PCC) ammonia absorption 
process, and the ability to adapt it to suit Australian conditions. Capture of up to 4000 tonnes of CO2 for the pilot 
phase, using a mobile rig, is expected to begin by late 2008. Partners involved in this project are Delta Electricity, 
CSIRO and the ACA. It is hoped that in the future (post 2009) a larger scale demonstration project (7-15MW) will 
be initiated, followed by a further increase (post 2100) as part of Phase 3. (Everett [16]) 
2.12. Tarong PCC Project, Queensland 
CSIRO and Tarong Energy propose to install a post combustion capture pilot plant using an amine-based solvent 
at Tarong Power Station near Kingaroy, Queensland. The pilot plant will capture 1500 tpa of CO2 over a two year 
research program beginning in 2009 (CSIRO [17]). 
2.13. ZeroGen Project, Queensland 
The Queensland Government, ACA and industry partners Shell Development and Zerogen propose ‘ZeroGen 
Mark II’, a two stage coal gasification and CCS project. Stage 1 (demonstration) will be a 80 MW net plant located 
near Rockhampton and it is proposed to be operational by 2012. The CO2 will be captured and transported 
approximately 220km by pipeline for storage in the Denison Trough. Stage 2, a 300 MW net coal gasification plant, 
is proposed for 2017 (Queensland Government [18]). 
 
The total value of these projects is of the order of tens of billions of dollars, however it is realistic to expect that 
not all of these projects will reach fruition. As evidence of this, two major projects previously announced in the past 
two years (the BP-Rio Kwinana (DF3) Project and the Santos-GE Fairview Project) have been cancelled.  
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The record of developing and deploying CCS in Australia, as in other countries, is best described as ‘mixed’. 
Several small scale capture projects are, or will be, underway by the end of 2008 and one storage project of a 
commercially significant scale is already underway. By 2011, one demonstration oxyfuel project with storage will 
be underway but beyond 2011, there is no certainty regarding the timing or scale of any new CCS projects. 
However, as indicated earlier, there are a number of government and industry initiatives which hopefully will 
accelerate deployment at a fully commercial scale.  
3. Accelerating CCS Deployment 
The history of CCS over the past five years is instructive; to date, only research/pilot projects have got underway. 
In part this is a consequence of the relatively modest level of funding required. However, both industry and 
governments have found it difficult at times to match their risk profile requirements, which has slowed progress. 
Even in the case of the Otway Storage Project, concerns of industry regarding a lack of clarity on past abandonment 
liability and a reluctance of governments to assume liability slowed deployment. Uncertainty regarding regulation, 
whilst a consideration, did not in fact slow down deployment in the case of the Otway Project because of the 
positive approach taken by regulators to research and development projects. 
 
It is important to emphasize that Australian governments (State and Federal) and industry are together taking a 
very positive approach to CCS deployment but it is nonetheless instructive to learn from the difficulties that have 
arisen for demonstration and commercial projects. In at least one case, there appears to have been a financial 
mismatch between commercial aspirations and government expectations. In another instance, the initial optimism 
that a site would prove suitable for storage appeared not to be the case, based on existing data. In several cases, not 
surprisingly, uncertainties regarding financial viability have been the primary issue, arising from the massive 
escalation in costs that has occurred in recent years. 
 
Despite some difficulties, the research, development and demonstration experience with CCS in Australia to date 
has probably been more extensive and more positive than in most other countries. But if CCS is to move ahead in 
Australia over the coming decade, then a number of issues need to be addressed. 
3.1. Regulation 
Australia is probably ahead of most other countries in development of a regulatory regime. Already Federal 
legislation has been passed to allow for offshore storage of CO2. Hopefully this will encourage the assessment of 
offshore storage potential, although in some areas, conflict between existing holders of petroleum tenements and 
companies wanting to obtain storage tenements, could slow down the assessment process. Onshore, several states, 
notably Victoria, South Australia and Queensland, have CCS legislation in train or underway. This should help to 
accelerate the approvals process and provide clarity to companies wanting to undertake storage projects. However, it 
is important that research projects are recognised as providing the basis for improved regulation; placing a full 
regulatory regime on small scale R&D projects could greatly add to the financial burden on such projects, making 
them non-viable and therefore unable to contribute to the development of the most effective regulatory regime. 
3.2. Liability 
The risks associated with a well regulated project at a well characterised site are extremely low (IPCC, 2005) and 
the impact of any incident is likely to be small. Over time, the risk becomes even lower once operations cease and 
CO2 dissolves and, in the longer term, reacts with the reservoir rock to form stable carbonate minerals. Despite this 
and the fact that there is a significant public good in decreasing CO2 emissions to the atmosphere, there has been 
reluctance on the part of governments to share risk/liability and particularly long-term liability. There is a need for 
governments to address the issue of long term liability, otherwise this could prove to be a major inhibition to the 
uptake of CCS. As a minimum, governments could consider taking on long-term liability (under appropriate terms) 
for early movers – projects implemented by 2020 for example. 
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3.3. Shared expectations 
Experience to date suggests that on occasions, there is a mismatch between Government funding levels, 
timetables and systems, and industry objectives, project schedules and funding requirements. This has been thrown 
into sharp relief by the rapid escalation in construction and related costs over the last 3-4 years. In addition, there 
have been uncertainties regarding issues such as emission trading, the future price of carbon and the timetable for 
any price on carbon. In Australia, the price canvassed for carbon, commonly of the order of $A20 a tonne CO2, is 
not sufficient to drive early deployment of CCS – which would require a price of perhaps $A100 a tonne CO2 
(unrealistic in the current economic climate). Clearly then, the ‘market failure’ that will inhibit the uptake of CCS, 
can only be addressed by increasing levels of government financial assistance and/or mandating an agreed level of 
low emission technology deployment. It is therefore vital that appropriate public policy settings for support for low 
emission technologies, including CCS, are in place as soon as possible. 
3.4. Data Gaps 
Currently a number of regions and basins have been assessed for storage capacity through more detailed site 
characterisation. The storage mapping initiative will now provide a basis for further extending this work to areas that 
are likely to be a high priority in the future for large scale storage projects. 
 
The difficulties encountered by a number of Australia’s CCS projects in finding suitable storage sites has 
highlighted the fact that whilst Australia has a large storage resource overall, in many areas our knowledge of the 
deep geology and the nature and distribution of potential storage opportunities is inadequate. This can only be 
addressed through a new phase of geological data acquisition in key areas (Figure 2). This will be assisted by 
additional funding for ‘storage mapping’ provided through a Federal Government initiative aimed at pre-competitive 
mapping, largely through State and Federal geological surveys. 
 
 
Figure 2: Current state of knowledge of storage potential in Australia (CO2CRC) 
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4. Conclusions 
Australia has an extensive program of CCS research and several pilot scale projects underway or at an advanced 
stage of construction and there are proposals for a number of large scale commercial projects with timescales 
ranging from 5-10 years for full deployment. The record of positive collaboration between Australian Governments, 
industry and the research community has been vital to taking projects forward and has helped to position Australia 
to accelerate CCS deployment in the future. Lessons learned from the Australian CCS experience indicate the 
importance of ensuring a number of issues are addressed. 
 
Firstly, there is a need for clarity in regulation, whilst at the same time enabling R&D projects to move ahead 
without being unduly burdened by a “commercial” regulatory regime. The issue of long term liability must be 
addressed, perhaps including thorough special arrangements for early CCS projects. In relation to co-founded 
projects, the expectations and needs of industry and governments must be fully aligned. Finally, data gaps in key 
areas need to be addressed, first through precompetitive geological surveys then through more detailed site 
characterisation (undertaken through organisations such as CO2CRC for example) and finally through very detailed 
site survey (by the project proponents) to establish the “bankable project”. 
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